In recent years, natural orifice specimen extraction surgery (NOSES) in the treatment of colorectal cancer has attracted widespread attention. The potential benefits of NOSES including reduction in postoperative pain and wound complications, less use of postoperative analgesic, faster recovery of bowel function, shorter length of hospital stay, better cosmetic and psychological effect have been described in colorectal surgery. Despite significant decrease in surgical trauma of NOSES have been observed, the potential pitfalls of this technique have been demonstrated. Particularly, several issues including bacteriological concerns, oncological outcomes and patient selection are raised with this new technique. Therefore, it is urgent and necessary to reach a consensus as an industry guideline to standardize the implementation of NOSES in colorectal surgery. After three rounds of discussion by all members of the International Alliance of NOSES, the consensus is finally completed, which is also of great significance to the long-term progress of NOSES worldwide.
Introduction
Great advances in minimally invasive surgery over the last decade have led to development of various techniques extending the benefits of minimal access surgery to patients with colorectal cancer [1] [2] [3] . However, current laparoscopic approach requires an extra incision at the abdominal wall for specimen extraction, which associated with postoperative pain, increased wound complications including infection, hernia formation and scarring [4, 5] . Natural orifice specimen extraction surgery (NOSES) is featured with the removal of surgical specimen from natural orifice in the avoidance of abdominal incision, which has been considered as an alternative approach to open surgery and conventional laparoscopic surgery in selected patients [6, 7] . Although the safety and feasibility of NOSES in colorectal surgery have been well proved, there are still many unresolved issues that need to be unified and standardized [8] [9] [10] . The International Alliance of NOSES is an international academic organization which aims to improve the profession level and clinical application for NOSES. To achieve a unified consensus of NOSES, all members of this international group participated in drafting this consensus to provide a full introduction of the theoretical and technical aspects of NOSES for colorectal cancer and provide a reliable basis for the development of NOSES involved in this field of colorectal surgery. The following will introduce the details of this consensus from several aspects.
Definition
In recent years, based on the introduction of natural orifice transluminal endoscopic surgery (NOTES), a series of concepts related to NOTES have been gradually proposed by combining different instruments and different operative methods, for example, pre-NOTES, hybrid-NOTES, like-NOTES and so on [11, 12] . Although the terminology is different, all techniques are aimed at achieving a common goal, namely the pursuit of minimally invasive effects, avoidance of abdominal wall incisions and reduction of abdominal dysfunction. However, this complex nomenclature may cause confusion in literature retrieval and academic exchanges. Combining internationally accepted presentation methods and language habits, it is recommended that the technique is named 'Natural Orifice Specimen Extraction Surgery', the abbreviation is 'NOSES'. The definition of NOSES is as follow: the surgical specimen resection is performed intraabdominally, then the specimen is extracted by opening a hollow organ that communicates with the outside of body, including anus, vagina or mouth. The main features of NOSES for colorectal surgery involve specimen extraction from a natural orifice and complete intra-abdominal digestive tract reconstruction, which avoid the additional incision on the abdominal wall. In addition to colorectal surgery, it can also be applied to the fields of gastrointestinal, hepatobiliary, urinary, gynecological surgery, etc. Because NOTES is also taking specimen through natural orifice, it therefore should be one part of NOSES. Furthermore, recently developed transanal total mesorectal excision (TaTME) is also a type of NOTES, so it also belongs to NOSES [13] .
Classification
According to the routes for specimen extraction in colorectal surgery, NOSES is divided into two categories including transanal-and transvaginal-NOSES [14, 15] . A large amount of research literatures and clinical practice have fully confirmed that the anus is the most ideal orifice to extract colorectal specimen which is more in line with the basic requirements of minimally invasive surgery [16] . The vagina has also been considered another ideal option to remove more bulky colorectal specimen when compared with anus, which presented several properties involving good elasticity, adequate blood supply, healing ability and easy access [17, 18] . However, transvaginal specimen extraction presents the following limitations: firstly, this technique is only confined to female patients; secondly, opening the vaginal wall may increase the risk of postoperative complications and sexual dysfunction; thirdly, transvaginal-NOSES is also limited by ethics. The orifice selection for specimen extraction is mainly based on the size of the specimen, especially the maximum circumferential diameter (CDmax). The transanal-NOSES is mainly applicable to patients with small tumors, and the transvaginal-NOSES is available for female patients with a bulky specimen that cannot be removed through the anus. Furthermore, gynecologic tumor resection can also be completed simultaneously by transvaginal specimen extraction [19] .
According to the procedures of specimen extraction, NOSES can be classified into three categories. 1) Transanal specimen eversion and extra-abdominal resection technique, this technique is mainly used to lower rectal resection, the main surgical procedure is shown in Figure 1 and supplementary Video 1. 2) Translumenal specimen extraction and extra-abdominal resection technique, this technique is mainly used for middle rectal resection, the main surgical procedure is shown in Figure 2 and supplementary Video 2. 3) Intra-abdominal specimen resection and translumenal extraction technique, this technique is mainly used for upper rectal resection and colectomy, the main surgical procedure is shown in Figure 3 and supplementary Video 3. To further refine the classification, ten different NOSES approaches, from NOSES I to NOSES X, were proposed for the treatment of colorectal neoplasms. Five approaches were used for rectal resection, five approaches were used for colectomy (Table 1) . Furthermore, the NOSES I includes five different methods: NOSES IA and NOSES IB are transanal specimen eversion and extra-abdominal resection technique, NOSES IC is Park technique, NOSES ID is intersphincteric resection (ISR) technique, NOSES IE is Bacon technique [14, 20] .
Indications
According to existing literature and current clinical practice, the indication of NOSES directly contributes to the feasibility of this technique. There are many requirements that should be careful considered before the implementation of NOSES in colorectal surgery. Firstly, basic requirements for NOSES should be followed. NOSES should be performed by experienced surgeons for conventional laparoscopic colorectal surgery. This is a very important prerequisite for surgeons to start NOSES. A more experienced surgeon in laparoscopic surgery may achieve a shorter learning curve for NOSES. Secondly, the indication of NOSES should follow the indication of conventional laparoscopic colorectal resection. Locally advanced tumor, acute bowel obstruction and perforation from cancer are not recommended to perform laparoscopy. Thirdly, NOSES also has specific indication requirements, including: the depth of tumor invasion should be T2 or T3, the CDmax of specimen should be less than 3 cm for transanal-NOSES and 3-5cm for transvaginal-NOSES, body mass index (BMI) should be less than 30 kg/m 2 for transanal-NOSES and less than 35 kg/m 2 for transvaginal-NOSES [14, 21] . Fourthly, NOSES is also recommended for benign tumors, Tis and T1 tumor when local excision is not indicated for whatever reasons. Finally, transvaginal-NOSES is best to be avoided in young women who have not completed their family. The details of indication selection were shown in Table 2 . Furthermore, according to the indication requirements, this consensus recommends a flow chart for the selection of NOSES (Figure 4 ).
Technology
Although NOSES is an emerging technology, the innovativeness of this technology is mainly reflected in the removal of specimens and the reconstruction of the digestive tract. The main surgical instrument platform required by NOSES is the conventional 2-dimensional (2D) laparoscopic platform. Therefore, for surgeons with experience in laparoscopic surgery, the learning curve of NOSES will not be very long. In addition to 2 D laparoscopic equipment, NOSES can also be performed by using other advanced equipment, such as high-definition 3 D laparoscopy, the da Vinci V R robotic platform, single-port laparoscopy, etc., which will provide better minimally invasive effect for NOSES [22, 23] . The high-definition 3 D laparoscope makes the operation field clearer and more realistic, which helps the surgeon to complete a variety of difficult surgical operations in a relatively easy way [24] . The da Vinci V R robot manipulator provides a more stable operation environment with avoiding subtle jitter of the human hands during a delicate and fine surgical dissection [23] . However, single-port laparoscopy is not routinely recommended to perform NOSES in the consideration of 'chopstick effect' of this technique.
Specimen extraction always requires an auxiliary tool to take the specimen out through natural orifice. Its main purpose is to avoid direct contact between specimen and natural orifice in order to ensure the aseptic and tumor-free operation. According to the current literature and clinical practice, various tools used to facilitate the specimen extraction include doubleringed wound protectors, transluminal endoscopic operation ports, self-made plastic sleeves, sterile specimen bags, Cai Tube, etc. [6, 25] . However, other study has opposite opinion that removal of specimens does not need any wound protection [6] , which is not recommended in this consensus.
Technical difficulty
The requirements for technical skills of NOSES are obviously higher in both of specimen extraction and digestive tract reconstruction as compared to conventional laparoscopic surgery. A steeper learning curve for NOSES is faced by surgeons who apply the laparotomy to extract specimen, especially with regard to ensure the aseptic operation. Bacteriological concerns have been raised because of the breach in peritoneal sterility in some procedures of NOSES [26] , such as enterotomy and completely intraperitoneal bowel reconstruction. Previous studies have fully confirmed that the potential of bacterial contamination during NOSES by examining the bacterial positive rate of intraoperative pelvic fluid culture [27] . In order to solve this problem, this consensus recommends that prophylactic antibiotics administration, mechanical bowel preparation, intraoperative peritoneal irrigation, intraoperative transanal lavage with a large amount of povidone-iodine and normal saline, use of transluminal wound retractor and placement of pelvic or abdominal drains should be applied to reduce the bacterial load of NOSES [6, 20] . In addition, recent studies also further showed that the risk of bacterial contamination after NOSES was not significantly higher compared with conventional laparoscopic surgery [7] .
In addition to bacteriological concern, there remains another major concern regarding the oncological safety in procedures of NOSES in colorectal surgery. Tumor related manipulation mainly arise from specimen extraction via narrow natural orifice, with the potential for compromise in oncological safety [27] . In clinical practice, there are also many clinical experience techniques summarized to prevent iatrogenic dissemination of tumors, including the use of sterile protection devices when taking specimen, and avoiding over-pulling and compression of lesions during specimen extraction. Previous findings showed that transluminal specimen extraction provided the same degree of protection as in a transabdominal specimen extraction by comparison of peritoneal tumor cytology test [27] . Furthermore, the local recurrence rate and long-term oncologic results after NOSES are comparable with conventional laparoscopic surgery according to current literature search results [28] . This also indicated that NOSES in colorectal surgery can completely meet the requirements of tumor-free technology.
The vagina has many properties that are ideal for specimen extraction, including elasticity, redundant vascular supply lending to excellent healing, clean nature, and relatively easy access [29] . In gynecology, the vaginotomy is a safe technique which has been commonly used in gynecologic pathologies. In colorectal surgery, transvaginal specimen extraction is also widely applied, especially for specimen of right colectomy [18, 30, 31] . However, the vaginotomy is not typically employed by colorectal surgeons, which may increase the difficulty of transvaginal NOSES due to the lack of standard operating procedure. Therefore, this consensus recommends that the location of vaginal incision should be selected at the posterior vaginal fornix. The posterior vaginal fornix is the most easily accessible part of vagina, and there is no obvious nerve and vessel distribution here. Therefore, the posterior colpotomy incision does not affect the sexual function and not increase the risk of bleeding. Currently, there are no complications related to the colpotomy incision reported in colorectal surgery [21] .
Clinical research
With wide adoption of NOSES, accumulating studies regarding colorectal NOSES are gradually increasing in recent years [6] , and most of studies now present the advantages of NOSES including less analgesic use, less postoperative pain, better cosmetic effect and shorter length of hospital stay [32, 33] . This consensus presents many research results on the comparison between NOSES and conventional laparoscopic colorectal surgery to confirm the advantages of NOSES (Table 3) . However, high-quality evidence is still needed to further demonstrate its short-and long-term efficacy. Therefore, this consensus recommends more prospective randomized controlled clinical trials to obtain reasonable and strong evidence to support the performance of NOSES. For the purpose of clinical research, the indication could be expanded to patients with locally advanced tumor, multiple primary colorectal cancer, multi-organ resection, etc. However, there is little evidence to support the application of NOSES in this group of patients. Therefore, it is only recommended for experienced surgeons.
The short-and long-term outcomes of NOSES should be presented in clinical research. The incidence of postoperative complications (e.g. anal or vaginal dysfunction) have very important significance, these indicators are also the important references for evaluating the feasibility of NOSES. Therefore, this consensus recommends a detailed assessment of all patients undergoing NOSES. The data collection of NOSES should include surgical data, pain assessment, postoperative recovery, morbidity and mortality, pathological data, functional outcome, quality of life assessment, and oncological follow-up.
Prospects
At present, due to the extensive development of laparoscopic and robotic techniques, most surgeons have experience in minimally invasive surgery, which also provides favorable prerequisites and basis for the development of NOSES. Here, we also appeal to all surgical colleagues working on NOSES to comply with the specific requirements in this NOSES consensus, to strictly select indication of NOSES and to guarantee the standardization of NOSES. As an attractive minimally invasive technique, NOSES should homogenize worldwide. This consensus will be of great significance to the improvement of NOSES, and also a necessary prerequisite for the development of NOSES in the world. fi For male patient, if the specimen cannot be extracted transanally, transabdominal specimen extraction should be performed.
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